Bioprospecting for oil producing microalgal strains: Evaluation of oil and biomass production for ten microalgal strains  by Araujo, Glacio S. et al.
Bioresource Technology 102 (2011) 5248–5250Contents lists available at ScienceDirect
Bioresource Technology
journal homepage: www.elsevier .com/locate /bior techShort Communication
Bioprospecting for oil producing microalgal strains: Evaluation of oil
and biomass production for ten microalgal strains
Glacio S. Araujo a, Leonardo J.B.L. Matos b, Luciana R.B. Gonçalves b, Fabiano A.N. Fernandes b,⇑,
Wladimir R.L. Farias a
aUniversidade Federal do Ceará, Departamento de Engenharia de Pesca, Campus do Pici, Bloco 827, 60455-760 Fortaleza – CE, Brazil
bUniversidade Federal do Ceará, Departamento de Engenharia Química, Campus do Pici, Bloco 709, 60455-760 Fortaleza – CE, Brazil
a r t i c l e i n f o a b s t r a c tArticle history:
Received 6 December 2010
Received in revised form 18 January 2011
Accepted 30 January 2011
Available online 3 February 2011
Keywords:
Microalgae
Lipid
Oil
Biomass0960-8524  2011 Elsevier Ltd.
doi:10.1016/j.biortech.2011.01.089
⇑ Corresponding author. Tel.: +55 85 33669611, fax
E-mail address: fabiano@ufc.br (Fabiano A.N. Fern
Open access under the EMicroalgae have the ability to grow rapidly, synthesize and accumulate large amounts (approximately
20–50% of dry weight) of lipids. A successful and economically viable algae based oil industry depends
on the selection of appropriate algal strains. In this study ten species of microalgae were prospected to
determine their suitability for oil production: Chaetoceros gracilis, Chaetoceros mulleri, Chlorella vulgaris,
Dunaliella sp., Isochrysis sp., Nannochloropsis oculata, Tetraselmis sp., Tetraselmis chui, Tetraselmis tetrathele
and Thalassiosira weissﬂogii. The study was carried out in 3 L glass ﬂasks subjected to constant aeration
and controlled artiﬁcial illumination and temperature at two different salinities. After harvesting, the
extraction of oil was carried out using the Bligh and Dyer method assisted by ultrasound. Results showed
that C. gracilis presented the highest oil content and that C. vulgaris presented the highest oil production.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
In the industry, microalgae have been used as source for a wide
variety of practical and potential metabolic products, such as food
supplements, pharmacological substances, lipids, enzymes, bio-
mass, polymers, toxins, pigments, tertiary wastewater treatment,
and ‘‘green energy’’. Microalgae are also important in aquiculture
as they are a source of nutrients and have great importance in pro-
duction of oxygen, in consumption of carbon dioxide, and in con-
sumption of nitrogen-based compounds such as ammonium
(Lourenço, 2006; Perez-Garcia et al., 2011).
The most common procedure for cultivation of microalgae is
autotrophic growth. Because all microalgae are photosynthetic,
and many microalgae are especially efﬁcient solar energy conver-
tors, microalgae are cultivated in illuminated environments natu-
rally or artiﬁcially. Under autotrophic cultivation, the cells
harvest light energy and use CO2 as a carbon source (Perez-Garcia
et al., 2011).
The main driving force to grow microalgae commercially is har-
vesting metabolic products, feed for marine and terrestrial organ-
isms, food supplements for humans, or to use the microalgae
for environmental processes, such as wastewater treatment,
fertilization of soils, biofuels, and phytoremediation of toxic wastes
(Perez-Garcia et al., 2011).: +55 85 33669610.
andes).
lsevier OA license.Microalgae have been recognized as a promising alternative
source for oil production. Several species of microalgae can be in-
duced to overproduce speciﬁc lipids and fatty acids through rela-
tive simple manipulations of the physical and chemical
properties of their culture medium. By manipulating fatty acid
content, microalgae represent a signiﬁcant source of unusual and
valuable lipids and fatty acids for numerous industrial applications
(Behrens and Kyle, 1996). Microalgae can accumulate substantial
amounts of lipids – up to 50% of dry cell weight in certain species
(Chisti, 2007; Sheehan et al., 1998). Many microalgae species can
grow in brackish water or seawater, thereby avoiding demand for
fresh water, a limited resource in many parts of the world (Umdu
et al., 2009). Several species grow very fast; doubling their mass in
24 h. Bioprospection of strains is important to select the best
strains that can produce higher amounts of desired metabolic
products. Several studies have evaluated the use of several micro-
algae (Francisco et al., 2010; Mutanda et al., 2011; Yoo et al., 2010)
but more work still need to be done given the number of existing
microalgae.
In microalgae, lipids have as a basic function the synthesis of
lipoproteic membranes and are important in ﬂoating and as an
energetic reserve (Lee et al., 1989). Accumulation of lipids can be
attributed to consumption of sugars at a rate higher than the rate
of cell generation, which would promote conversion of excess su-
gar into lipids (Chen and Johns, 1991). The lipids extracted from
microalgae may be used in human nutrition as source of Omega-3.
Accumulation of lipids in the microalgae cells, as well as for
other oleaginous microorganisms (high oil producers), depends
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micronutrients, salinity and other factors. In this study, the yield in
biomass and oil of ten species of microalgae were evaluated under
cultivation in two different salinities.2. Methods
2.1. Strains
Ten different species of microalgae strains were studied: Chae-
toceros gracilis, Chaetoceros mulleri, Chlorella vulgaris, Dunaliella sp.,
Isochrysis sp., Nannochloropsis oculata, Tetraselmis sp., Tetraselmis
chui, Tetraselmis tetrathele and Thalassiosira weissﬂogii. All strains
were obtained from the Aquiculture Technology Center (Fortaleza
– CE) bank.
2.2. Microalgae cultivation
Prior to use, the stock cultures were maintained at 22 ± 2 C in
tubes under artiﬁcial light with a photoperiod consisting of an
18:6 h light–dark cycle. The f/2 culture media (Guillard and Ryther,
1962) was used to maintain the inoculums and to carry out the
experiments.
The production started from a volume of 20 mL of stock culture
in a 250 mL Erlenmeyer. Every 2 days more 20 mL of culture media
was added to the culture ﬂask. The culture was transferred to a 1 L
ﬂask when the culture volume reached 200 mL, and afterwards
was transferred to a 3 L ﬂask when the culture volume reached
350 mL. At this point, 2650 mL of culture media was added to
the ﬂask. The culture in the 3 L glass ﬂask was subjected to con-
stant aeration at an air ﬂow rate of 2 L/min. The air was pumped
and controlled using a diaphragm air pump.
Illumination was set at 600 lerg/cm2 s, corresponding to 9.4% of
solar ﬂux at noon time, and was provided by two 40W ﬂuorescent
lamps. The room temperature was maintained at 28 ± 1 C. The
microalgae Isochrysis sp., T. weissﬂogii and C. vulgaris were kept
in a room controlled at 22 ± 2 C. The cultivation was carried out
at constant volume.
The experiments were carried out at two total salinities: 25 g/L
and 35 g/L. These conditions were chosen to simulate sea water
salinity. The salinity of the culture medium was adjusted by the
addition of commercial sodium chloride.
2.3. Harvesting
Chemical ﬂocculation was applied to separate the microalgae
from the culture media. Evaluation of several harvesting methods
showed that ﬂocculation combined with ﬂotation or sedimentation
and subsequent further dewatering by centrifugation or ﬁltration
is the most promising cost and energy efﬁcient alternative (Schenk
et al., 2008). During ﬂocculation, the dispersed microalgal cells
aggregate and form larger particles with higher sedimentation rate.
A solution of NaOH 2 mol/L was added to the culture for ﬂoccu-
lation of the biomass. The supernatant consisting of the culture
medium was removed. The biomass, rich in salt, was washed with
distilled water till total reduction of the salinity. The salinity of the
washing water was monitored using a manual refractometer.
The biomass was dried for 24 h in a drying oven with forced air
circulation set at 60 C. After drying, the biomass was milled and
weighted to determine the yield into biomass (mass of dried bio-
mass per culture volume).
Prior to the experiments, the ﬂocculation procedure used herein
was compared with centrifugation of the biomass (for all microal-
gae). The tests showed that the ﬂocculation procedure was able to
recover more than 98% of the biomass.2.4. Oil extraction
The oil was extracted from microalgal biomass using a modiﬁed
method of Bligh and Dyer (1959). The lipids were extracted with
chloroform–methanol (2:1, v/v) under ultrasound application.
Ultrasound application was carried out in an ultrasonic bath work-
ing at 40 kHz and 80W (Unique model 40USC, 2.7 L, internal
dimensions: 24  14  9 cm). The mixture (biomass, chloroform
and methanol) was sonicated for 20 min. The extraction was car-
ried out at ambient temperature (25 C).
The ﬁnal mixture was separated into chloroform and aqueous
methanol layers by the addition of methanol and water to give a
ﬁnal solvent ratio of chloroform:methanol:water of 1:1:0.9. The
chloroform layer was washed with 20 ml of a 5% NaCl solution,
and evaporated to dryness. Thereafter, oil was measured
gravimetrically.3. Results and discussion
The yield into biomass and the amount of NaOH needed to ﬂoc-
culate the microalgae for the ten species are presented in Table 1.
The results show that C. vulgaris presented the highest yield into
dry biomass, followed by C. gracilis and T. tetrathele, which pre-
sented respectively the second and third largest yields into dry
biomass among the ten microalgae studied herein. The species
C. gracilis and T. tetrathele were not affected by salinity, which
may be viewed as an important result because these two species
could grow in sea water without the need of dilution of salt con-
tent, while maintaining optimum productivity.
The yield into biomass presented, in most cases, a signiﬁcant in-
crease with the decrease in salinity. The species C. mulleri and
Dunalielle sp. increased 2-fold, T. weissﬂogii increased 3-fold, Isochr-
ysis sp. increased 4-fold and Tetraselmis sp. increased 10-fold.
Biomass productivity (Table 1) was also greater for C. vulgaris,
which presented a productivity 61% higher than T. tetrathele that
presented the second largest biomass productivity among all spe-
cies studied. The minimum ratio of ﬁnal biomass (algae)
concentration of to the initial biomass concentration was 2:1
(T. weissﬂogii, Isochrysis sp. and T. chui) and the maximum ratio
was 10:1 (C. vulgaris). All other microalgae was harvested at a ratio
of ﬁnal biomass (algae) concentration of to the initial biomass con-
centration of approximately 4:1.
The need for NaOH 2 mol/L to separate the biomass from the
culture media varied from 0.67% (T. weissﬂogii) to 6.23% (C. gracilis)
when the medium salinity was set at 35 g/L, and from 1.07%
(N. oculata) to 7.00% (C. gracilis) when the medium salinity was
set at 25 g/L. The amount of NaOH required for ﬂocculation de-
creased as the medium salinity increased. The only exception
was observed for T. chui.
Table 2 presents the yield into oil based on dry biomass ob-
tained for the ten species of microalgae. The highest yields into
oil based on dry biomass were obtained for C. gracilis (60.3%) culti-
vated under 25 g/L of salinity and for C. vulgaris (52.5%) cultivated
under 35 g/L of salinity. In most species, the increase in salinity re-
duced the yield into oil (based on dry biomass), with exception of
Isochrysis sp., T. weissﬂogii and C. vulgaris.
The yield into oil obtained in this study for Isochrysis sp. was
similar to the yield reported by Chisti (2007) under the same con-
ditions. The yield into oil obtained in this study for C. vulgaris,
Dunaliella sp., Isochrysis sp. and Tetraselmis sp. are within the yield
range reported by Mata et al. (2010).
Table 3 presents the yield into oil based on cultivated volume.
The results show that although C. gracilis presented the highest
amount of oil among all ten microalgae studied herein, the highest
production of oil was obtained by C. vulgaris. Under the conditions
Table 1
Yield into biomass, productivity and amount of NaOH required to ﬂocculate the
biomass based on cultivated volume for ten species of microalgae cultivated at two
different salinities.
Microalgae Yield into
biomass
(w/v %)
Biomass
productivity
(kg/m3 day)
NaOH required
for ﬂocculation
(v/v %)
Salinity
25 g/L
Salinity
35 g/L
Salinity
25 g/L
Salinity
35 g/L
Salinity
25 g/L
Salinity
35 g/L
Chaetoceros
gracilis
0.33 0.31 3.7 3.4 7.0 6.2
Chaetoceros
mulleri
0.24 0.11 2.7 1.2 2.9 1.1
Chlorella
vulgaris
0.25 0.50 3.6 7.1 6.0 2.3
Dunaliella sp. 0.21 0.09 3.0 1.3 3.5 0.8
Isochrysis sp. 0.27 0.07 2.7 0.7 3.0 1.0
Nannochloropsis
oculata
0.17 0.24 2.4 3.4 1.1 0.8
Tetraselmis sp. 0.24 0.02 3.4 0.3 3.5 2.5
Tetraselmis chui 0.07 0.18 1.0 2.6 1.2 4.0
Tetraselmis
tetrathele
0.31 0.22 4.4 3.1 1.2 1.0
Thalassiosira
weissﬂogii
0.15 0.05 1.5 0.5 2.0 0.7
Table 2
Yield into oil based on dry biomass for ten species of microalgae cultivated at two
different salinities.
Microalgae Yield (w/w %)
Salinity = 25 g/L Salinity = 35 g/L
Chaetoceros gracilis 60.28 15.50
Chaetoceros mulleri 25.25 11.67
Chlorella vulgaris 16.60 52.49
Dunaliella sp. 12.00 30.12
Isochrysis sp. 6.50 21.25
Nannochloropsis oculata 22.75 23.00
Tetraselmis sp. 8.00 1.00
Tetraselmis chui 23.50 17.25
Tetraselmis tetrathele 30.25 29.18
Thalassiosira weissﬂogii 13.21 6.25
Table 3
Yield into biomass and oil productivity based on cultivated volume for ten species of
microalgae cultivated at two different salinities.
Microalgae Yield (w/v %) Oil productivity
(kg/m3.day)
Salinity
25 g/L
Salinity
35 g/L
Salinity
25 g/L
Salinity
35 g/L
Chaetoceros gracilis 0.1989 0.0481 2.21 0.53
Chaetoceros mulleri 0.0606 0.0128 0.67 0.14
Chlorella vulgaris 0.0415 0.2624 0.59 3.75
Dunaliella sp. 0.0252 0.0271 0.36 0.39
Isochrysis sp. 0.0176 0.0149 0.18 0.15
Nannochloropsis
oculata
0.0387 0.0552 0.55 0.79
Tetraselmis sp. 0.0002 0.0192 0.00 0.27
Tetraselmis chui 0.0165 0.0311 0.24 0.44
Tetraselmis
tetrathele
0.0938 0.0642 1.34 0.92
Thalassiosira
weissﬂogii
0.0198 0.0031 0.02 0.00
5250 G.S. Araujo et al. / Bioresource Technology 102 (2011) 5248–5250studied herein, C. vulgaris, C. gracilis and T. tetrathele are the micro-
algae that displayed the best suitability toward large scale oil
production.
The same trend is observed for the productivity of oil. C. vulgaris
have presented the highest productivity, followed by C. gracilis and
T. tetrathele.
Tetraselmis sp., Isochrysis sp., T. chui, Dunaliella sp. and
T. weissﬂogii were considered unsuitable for large scale oil pro-
duction given the very low productivity of oil.
4. Conclusions
The salinity of the culture medium has a high inﬂuence on the
amount of biomass produced, and on the amount of oil produced
by the microalgae. Each microalgae responded differently to the in-
crease or decrease in salinity. Regarding oil production, the choice
of salinity was important and reﬂected directly on the suitability of
the microalgae toward oil production.C. vulgaris andC. graciliswere
found the most suitable microalgae for large scale oil production.Acknowledgements
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